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Crystal Structure of Lamotriginium Hydrogen Phthalate
Dimethylformamide Solvate (1:1:1)

Balasubramanian Sridhar and Krishnan Ravikumar
Laboratory of X-ray Crystallography, Indian Institute of Chemical
Technology, Hyderabad, India

The title compound, 3,5-diamino-6-(2,3-dichlorophenyl)-1,2,4-triazine-hydrogen
phthalate-dimethylformamide, C9H8N5Cl2

þ . C8H5O4
� . C3H7NO (lamophthalate),

crystallizes in the triclinic space group P1 with unit cell parameters a ¼ 10.1587(6)
Å, b ¼ 11.3704(7) Å, c ¼ 12.1976(7) Å, a ¼ 110.797(1)�, b ¼ 111.61(1)�, c ¼ 99.53(1)�,
V ¼ 1151.16(12) Å3, and Z ¼ 2. The asymmetric unit comprises one lamotriginium cat-
ion, one hydrogen phthalate anion, and one dimethylformamide solvate. The dihedral
angle betweenthe two planarrings is 65.3(1)�. The expected proton transfer occurs atN2
of the triazine ring. Both O-H. . .O and N-H. . .O hydrogen bonding stabilizes the crystal
structure.

Keywords: anticonvulsant; hydrogen bonding; lamictal; protonation; triazine ring

INTRODUCTION

Lamotrigine (marketed as Lamictal by GlaxoSmithKline) is an anti-
convulsant drug used in the treatment of epilepsy and bipolar dis-
order. For epilepsy it is used to treat partial seizures, primary and
secondary tonic–clonic seizures, and seizures associated with Len-
nox–Gastaut syndrome. Lamotrigine also acts as a mood stabilizer.
It is the only anticonvulsant mood stabilizer that treats the depressive
as well as the manic phases of bipolar disorders, and it is the first
medication since lithium to be granted FDA approval for the mainte-
nance treatment of bipolar I disorder. Chemically unrelated to other
anticonvulsants, lamotrigine has relatively few side effects and does
not require blood monitoring. It is a Naþ channel blocker and is
inactivated by hepatic glucuronidation. Lamotrigine is thought to act
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at voltage-sensitive sodium channels to stabilize neuronal membranes
and inhibit the release of excitatory amino acid neurotransmitters
(e.g., glutamate, aspartate) that are thought to play a role in the gener-
ation and spread of epileptic seizures. The most common side effects of
lamotrigine are headache, nausea and vomiting, dizziness, diplpia,
and ataxia [1]. Phthalic acid is a small carboxylic acid that has special
relevance to environmental chemists and geochemists. It represents
common functional groups found in natural organic matter [2].

Our particular interest lies in the crystalline complex of drug mole-
cules with aromatic acids, providing a means both for a structural
study of important drug and for examining the interactions among
the components. In this context, we recently reported the crystal struc-
ture of lamotriginium benzoate dimethylformamide solvate [3]. In the
present study, the crystal structure determination of lamotrigine with
phthalic acid and dimethylformamide was undertaken, and the results
are presented here.

EXPERIMENTAL

Crystal Growth

Lamotrigine and phthalic acid was mixed in a 1:1 stoichiometric ratio
and dissolved in aqueous dimethylformamide solvent. Crystals were
obtained by slow evaporation.

Structure Determination

X-ray data for the title compound were collected at room temperature
using a Bruker Smart Apex CCD diffractometer with graphite mono-
chromated MoKa radiation (k ¼ 0.71073 Å) with x-scan method [4].
Preliminary lattice parameters and orientation matrices were obtained
from four sets of frames. Unit cell dimensions were determined from
the setting angles of 6413 reflections in the range of 2.25 < h < 27.78�.

Integration and scaling of intensity data were accomplished using the
SAINT program [4]. The structure was solved by direct methods using
SHELXS97 [5], and refinement was carried out by full-matrix least-
squares technique using SHELXL97 [5]. Anisotropic displacement para-
meters were included for all nonhydrogen atoms. The hydrogen atoms
attached to nitrogen (N2) and oxygen (O3) atoms were located in a differ-
ence density map and refined freely. All other hydrogen atoms were posi-
tioned geometrically and treated as riding atoms, with N–H ¼ 0.86 Å
and C–H distances in the range of 0.93–0.96 Å and with Uiso(H) values
of 1.5Ueq(C) for methyl hydrogen and 1.2Ueq(C,N) for other hydrogen
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atoms. The crystal and refinement data are given in Table 1. Molecular
graphics were computed using the SHELXTL program [6]. The sche-
matic diagram of the title compound is shown in Fig. 1. The perspective
view of the molecules using ORTEP is shown in Fig. 2. Bond lengths,
bond angles and torsion angles are shown in Tables 2, 3, and 4.
Hydrogen bonding geometry is listed in Table 5.

RESULT AND DISCUSSION

The asymmetric unit of the title compound consists of a protonated
moiety at one of the three nitrogen atoms of the lamotriginium cation,

TABLE 1 Crystal Data and Structure Refinement for Lamophthalate

Parameter Value

CCDC no. 604699
Empirical formula C9H8N5Cl2

þ .C8H5O4
�.C3H7NO

Formula weight 495.32
Temperature 273(2) K
Wavelength 0.71073 Å
Crystal system Triclinic
Space group P1

Unit cell dimensions a ¼ 10.1587(6) Å
b ¼ 11.3704(7) Å
c ¼ 12.1976(7) Å
a ¼ 110.797(1)�

b ¼ 111.611(1)�

c ¼ 99.531(1)�

Volume 1151.16(12) Å3

Z 2
Calculated density 1.429 Mg=m3

Absorption coefficient 0.326 mm�1

F(000) 512
Crystal size 0.21 � 0.19 � 0.09 mm
Theta range 2.02 to 25.00�

Index ranges –12�h�12
� 13�k� 13
� 14� l�14

Reflections collected=unique 11098 =4034 [R(int) ¼ 0.0178]
Completeness 99.70%
Refinement method Full-matrix least-squares on F2

Data=restraints=parameters 4034=0=308
Observed reflections [I > 2r(I)] 3559
Goodness of fit on F2 1.062
Final R indices [I > 2r(I)] R1 ¼ 0.0404, wR2 ¼ 0.1127
R indices (all data) R1 ¼ 0.0446, wR2 ¼ 0.1154
Largest diff. peak and hole 0.346 and � 0.278e.Å�3
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one hydrogen phthalate anion dissociated at one of the carboxyl
groups, and one dimethylformamide solvent molecule.

The hydrogen phthalate anion is almost planar and the two-car-
boxyl groups (dissociated and nondissociated) are coplanar (dihedral
angle 3.9(2)� for both the groups) with its attached parent benzene
ring. The bond length (C11–C10 ¼ 1.517(3) Å) of the ionized carboxyl
group is slightly longer than the nondissociated carboxyl group
(C16–C17 ¼ 1.514(3) Å), which is comparable with the observed value
(1.491(8) Å) for the unconjugated Caromatic –C sp2 bond [7].

TABLE 2 Bond Lengths (Å) for Lamophthalate

Atoms Length

C1–N5 1.322(2)
C1–N1 1.330(2)
C1–N2 1.344(2)
C2–N4 1.308(2)
C2–N1 1.331(2)
C2–C3 1.459(2)
C3–N3 1.288(2)
C3–C4 1.486(2)
C4–C5 1.390(3)
C4–C9 1.395(3)
C5–C6 1.389(3)
C5–Cl1 1.7201(19)
C6–C7 1.375(3)
C6–Cl2 1.727(2)
C7–C8 1.370(3)
C8–C9 1.378(3)
N2–N3 1.350(2)
C10–O1 1.230(2)
C10–O2 1.268(2)
C10–C11 1.517(3)
C11–C12 1.393(3)
C11–C16 1.416(2)
C12–C13 1.369(3)
C13–C14 1.372(3)
C14–C15 1.374(3)
C15–C16 1.393(3)
C16–C17 1.514(3)
C17–O4 1.218(2)
C17–O3 1.286(2)
C18–O5 1.221(3)
C18–N6 1.317(3)
C19–N6 1.443(3)
C20–N6 1.455(3)
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TABLE 3 Angles (�) for Lamophthatate

Atoms Angle

N5–C1–N1 120.49(16)
N5–C1–N2 117.66(16)
N1–C1–N2 121.85(16)
N4–C2–N1 119.45(16)
N4–C2–C3 120.60(16)
N1–C2–C3 119.95(15)
N3–C3–C2 120.52(16)
N3–C3–C4 115.66(15)
C2–C3–C4 123.81(15)
C5–C4–C9 119.46(17)
C5–C4–C3 121.27(16)
C9–C4–C3 119.16(16)
C6–C5–C4 119.80(18)
C6–C5–Cl1 120.17(15)
C4–C5–Cl1 120.01(14)
C7–C6–C5 119.95(19)
C7–C6–Cl2 119.45(15)
C5–C6–Cl2 120.60(16)
C8–C7–C6 120.45(19)
C7–C8–C9 120.5(2)
C8–C9–C4 119.77(19)
C1–N1–C2 117.06(15)
C1–N2–N3 122.87(15)
C3–N3–N2 117.11(15)
O1–C10–O2 121.51(18)
O1–C10–C11 117.68(17)
O2–C10–C11 120.80(16)
C12–C11–C16 117.56(17)
C12–C11–C10 113.86(16)
C16–C11–C10 128.56(16)
C13–C12–C11 123.3(2)
C12–C13–C14 118.94(19)
C13–C14–C15 119.61(19)
C14–C15–C16 122.58(19)
C15–C16–C11 117.97(16)
C15–C16–C17 113.58(16)
C11–C16–C17 128.44(16)
O4–C17–O3 119.38(18)
O4–C17–C16 119.75(17)
O3–C17–C16 120.86(16)
O5–C18–N6 125.4(2)
C18–N6–C19 121.2(2)
C19–N6–C20 117.6(2)
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TABLE 4 Torsion Angle (�) for Lamophthalate

Atoms Angle

N4–C2–C3–N3 171.34(18)
N1–C2–C3–N3 �7.7(3)
N4–C2–C3–C4 �7.5(3)
N1–C2–C3–C4 173.40(17)
N3–C3–C4–C5 112.72(19)
C2–C3–C4–C5 �68.3(2)
N3–C3–C4–C9 �63.4(2)
C2–C3–C4–C9 115.5(2)
C9–C4–C5–C6 1.4(3)
C3–C4–C5–C6 �174.72(16)
C9–C4–C5–Cl1 179.95(14)
C3–C4–C5–Cl1 3.8(2)
C4–C5–C6–C7 �1.2(3)
Cl1–C5–C6–C7 �179.75(16)
C4–C5–C6–Cl2 178.46(14)
Cl1–C5–C6–Cl2 �0.1(2)
C5–C6–C7–C8 0.0(3)
Cl2–C6–C7–C8 �179.72(18)
C6–C7–C8–C9 1.1(4)
C7–C8–C9–C4 �0.9(3)
C5–C4–C9–C8 �0.4(3)
C3–C4–C9–C8 175.84(17)
N5–C1–N1–C2 �178.92(18)
N2–C1–N1–C2 1.3(3)
N4–C2–N1–C1 �173.40(19)
C3–C2–N1–C1 5.7(3)
N5–C1–N2–N3 173.09(17)
N1–C1–N2–N3 �7.2(3)
C2–C3–N3–N2 2.2(3)
C4–C3–N3–N2 –178.85(15)
C1–N2–N3–C3 5.0(3)
O1–C10–C11–C12 �3.3(3)
O2–C10–C11–C12 175.78(19)
O1–C10–C11–C16 178.4(2)
O2–C10–C11–C16 �2.5(3)
C16–C11–C12–C13 0.2(3)
C10–C11–C12–C13 �178.2(2)
C11–C12–C13–C14 �0.1(4)
C12–C13–C14–C15 �0.3(4)
C13–C14–C15–C16 0.6(3)
C14–C15–C16–C11 �0.5(3)
C14–C15–C16–C17 178.95(19)
C12–C11–C16–C15 0.1(3)
C10–C11–C16–C15 178.26(18)
C12–C11–C16–C17 �179.25(18)

(Continued)

136 B. Sridhar and K. Ravikumar

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
0:

10
 2

2 
A

ug
us

t 2
01

2 



The molecular geometry in terms of bond lengths and angles are in a
good agreement with the related lamotrigine structures viz. lamotrigine
isoethionate [7] and lamotriginium benzoate dimethylformamide [2].
Both the triazine ring and the dichloro-phenyl ring are planar, and
the dihedral angle between these rings is 65.3(1)�. The corresponding
dihedral angles are 89.6(1)� and 66.08�, respectively, for lamotriginium
benzoate dimethylformamide and lamotrigine isethionate. An rms over-
lay of dichloro-phenyl ring of the title compound, along with the other
lamotriginium salts, clearly reveals the tilt of the triazine ring (Fig. 3.).
In general, the dihedral angle is observed in the range of 50–80� in the
reported lamotrigine structures [8–13]. The presence of substituents at
the ortho positions with respect to the central C–C bond may attribute
for the relatively large values. In the absence of such a hindrance, the
twist is much smaller (dihedral angle 9.3(1)�) as observed in the crystal
structure of 5-(p-chlorophenyl)-1,2,4-triazine [14].

The N–N (1.350(2) Å) and the four C–N (mean value 1.323(2) Å)
bond distances of the triazine ring are intermediate between the
expected single (1.45 and 1.47 Å) and double (1.20 and 1.27 Å) bond
distances. The side group C–N (mean value 1.333(2) Å) bond distance

TABLE 4 Continued

Atoms Angle

C10–C11–C16–C17 �1.1(3)
C15–C16–C17–O4 3.3(3)
C11–C16–C17–O4 �177.3(2)
C15–C16–C17–O3 �175.75(19)
C11–C16–C17–O3 3.6(3)
O5–C18–N6–C19 �1.2(3)
O5–C18–N6–C20 177.6(3)
O5–C18–N6–C19 �1.2(3)
O5–C18–N6–C20 177.6(3)

TABLE 5 Hydrogen Bonding Geometry (Å and �) for Lamophthalate

D-H. . .A d(D-H) d(H. . .A) d(D. . .A) <(DHA)

N2-H2N. . .O1 0.83(2) 1.85(2) 2.676(2) 172(2)
N4-H4A. . .O5#1 0.86 2.03 2.861(2) 162.2
N4-H4B. . .O5#2 0.86 2.04 2.853(2) 156.3
N5-H5A. . .O4#3 0.86 2.08 2.920(2) 165.3
N5-H5B. . .O2 0.86 2.1 2.957(2) 172.3
O3-H3O. . .O2 0.88(3) 1.53(3) 2.404(2) 176(3)

Note: 1) x þ 1, � y þ 1, � z þ 1; 2) x þ1, y, z þ1; 3) � x, � y þ 1, � z + 1.
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is well comparable with the reported mean value of 1.330(10) Å. In the
triazine ring, the bond angle C1–N2–N3, 122.9(2)�, is comparatively
long, whereas the bond angles of C1–N1–N2, C2–C3–N3, and
N2–N3–C3, 121.9(2)�, 120.5(2)�, and 117.1(2)�, respectively, are rela-
tively small. Similar corresponding values are also observed in 4-Cl,
3-NO2 lamotrigine MeSO3H complex [15]. Interestingly, in lamotri-
gine isethionate, except the C–C–N bond angle (124.2(2)�), all other
angles are matching well with the title compound.

FIGURE 1 Schematic diagram of the title compound.

FIGURE 2 View of the title compound, with the atom-numbering scheme.
Displacement ellipsoids are drawn at the 30% probability level and H atoms
are shown as small spheres of arbitrary radii. The hydrogen bond is shown
as a dashed line.
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In the present structure, the expected proton transfer occurs at N2
of the triazine ring. However, this positive charge associated with the
protonation does not alter the triazine ring geometry.

The lamotriginium cations and phthalate anions are linked by an
intramolecular N-H. . .O hydrogen bond forming dimers of an R2

2(8)
type motif [16]. The carbonyl oxygen atom of dimethylformamide
solvent as a bridging unit links the lamotriginium cations via
intermolecular N-H. . .O hydrogen bonds, leading to the formation of
an inversion related R4

2(8)-type motif (Fig. 4).
Both the intra- (O-H. . .O and N-H. . .O) and intermolecular (N-

H. . .O) hydrogen bonds interconnecting the lamotriginium cation
and phthalate anion generate a characteristic inversion related
R6

4(16)-type motif. Intramolecular O-H. . .O hydrogen bond interlinks

FIGURE 3 Superposition of the title compound (black) with lamotriginium
benzoate dimethylformamide (light grey; rms deviation ¼ 0.031 Å) and lamo-
trigine isethionate (dark grey; rms deviation ¼ 0.016 Å) revealing the tilt in
the triazine ring.

FIGURE 4 Packing diagram of the title compound viewed down the c axis.
Dashed lines indicate O-H. . .O and N-H. . .O hydrogen bonds. H atoms not
involved in hydrogen bonding have been removed for clarity.
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phthalate ion–phthalate ion and leads to the formation of S(7)-type
motif. It is noteworthy to mention that the Cl atoms present in the
structure are not involved in any interactions.

In the present structure, there is no lamotriginium–lamotriginium
cation interaction due to the absence of N-H. . .N hydrogen bonding.
However, in the crystal structures of lamotriginium benzoate
dimethylformamide solvate and lamotrigine isethionate, N-H. . .N
hydrogen bonding is observed that connects the lamotriginium–lamo-
triginium cation.

According to the pharmacophore model proposed using the five well-
known and structurally different compounds, carbamazepine, pheny-
toin, lamotrigine, zonisamide, and rufinamide, for anticonvulsant
activity by Unverferth et al. [17], the distance between the first (N4)
and the second donor atom (N5) is found to be 3.9–5.5Å, whereas, the
distance between the centroid of the aryl ring (marked by grey dot)
and the two donor atoms are 3.2–5.1 Å and 4.2–8.5 Å respectively.
The corresponding values for the present structure are observed as
3.997 Å, 4.581 Å, and 6.849 Å respectively (Fig. 5).
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